BACKGROUND: To improve and learn from patient outcomes, particularly under new care models such as Accountable Care Organizations and Patient-Centered Medical Homes, requires establishing systems for follow-up and feedback. OBJECTIVE: To provide post-visit feedback to physicians on patient outcomes following acute care visits. DESIGN: A three-phase cross-sectional study [live follow-up call three weeks after acute care visits (baseline), one week post-visit live call, and one week post-visit interactive voice response system (IVRS) call] with three patient cohorts was conducted. A family medicine clinic and an HIV clinic participated in all three phases, and a cerebral palsy clinic participated in the first two phases. Patients answered questions about symptom improvement, medication problems, and interactions with the healthcare system. PATIENTS: A total of 616 patients were included: 142 from Phase 1, 352 from Phase 2 and 122 from Phase 3. MAIN MEASURES: Primary outcomes included: problem resolution, provider satisfaction with the system, and comparison of IVRS with live calls made by research staff. KEY RESULTS: During both live follow-up phases, at least 96 % of patients who were reached completed the call compared to only 48 % for the IVRS phase. At baseline, 98 of 113 (88 %) patients reported improvement, as well as 167 of 196 (85 %) in the live one-week follow-up. In the one-week IVRS phase, 25 of 39 (64 %) reported improvement. In all phases, the majority of patients in both the improved and unimproved groups had not contacted their provider or another provider. While 63 % of providers stated they wanted to receive patient feedback, they varied in the extent to which they used the feedback reports. CONCLUSIONS: Many patients who do not improve as expected do not take action to further address unresolved problems. Systematic follow-up/feedback mechanisms can potentially identify and connect such patients to needed care.
INTRODUCTION
Two key principles of new models of healthcare delivery are patient engagement and care coordination across settings, as well as the need to create "learning systems" for continuous improvement. [1] [2] [3] [4] [5] To improve care coordination, engage patients and improve the overall quality of care, it is essential that organizations develop systematic, efficient systems for patient follow-up and feedback to physicians. [5] [6] [7] [8] [9] Feedback is a fundamental principle for all systems to function smoothly, as well as to learn and improve. For most ambulatory acute care encounters, clinicians lack systematic feedback on the accuracy of their diagnostic decisions, or the outcomes of the medications they prescribe, creating an "open-loop system" incapable of optimally monitoring patients and learning from patient outcomes. 6 While there have been a limited number of reports of efforts to track patient outcomes after Emergency Department visits 10, 11 or inpatient hospitalizations, 12 there has been almost no systematic tracking of diagnostic and medication outcomes in the outpatient setting, particularly for acute care encounters. 13 The typical scenario for an acute care outpatient visit is that a patient presents for a brief visit, and the physician (or other clinician) makes a presumptive diagnosis and prescribes treatment. Although return visits are sometimes scheduled, there is variation in the return visit interval, 14 and the providers the patients subsequently see, and physicians may assume that patients will notify them if the treatment has not worked as expected. Thus, there are no informal or structured ways to track outcomes of diagnoses made or therapies prescribed.
Interactive voice response systems (IVRS) have potential to contact large numbers of patients at a relatively low cost. 15 IVRS have been successfully deployed to conduct surveillance of adverse drug effects, [15] [16] [17] [18] but there has been little research examining diagnosis or therapeutic outcomes by integrating IVRS feedback into ongoing clinical operations, and comparing IVRS with other methods of followup and feedback. The present study describes the results of an automated follow-up/feedback system that was implemented for acute care encounters in three ambulatory clinic settings. This study was part of a larger study, the overall aim of which was to "close the feedback loop," by developing and assessing an automated system to provide post-visit feedback to providers about patient outcomes in acute care visits. The description of the development of the system has been described previously, 19 and an ancillary study that examined patient reactions to the use of followup was reported elsewhere. 20 
METHODS

Settings
Three different settings were utilized: a family medicine clinic (FM), an HIV clinic (HIV), and a clinic for disabled patients, primarily with cerebral palsy (CP). The FM and HIV clinics were affiliated with the same academic medical center, but were located in different cities in the Southeast. The CP site was located in the same city as the HIV clinic. This study focused on acute care visits at all three sites. The patient population was predominantly Caucasian (52-67 %), but included significant numbers of African American patients (varying from 33 % to 46 % across the three sites). Patients with acute illnesses who presented to the FP, HIV "sick call," and CP clinics during the three phases of data collection were eligible to participate.
Primary providers were resident physicians at the FM clinic, academic attending physicians at the HIV sick call clinic, and a mix of attending and resident physicians from local hospitals at the CP clinic. The three clinics had different electronic health record (EHR) systems: Allscripts TouchWorks 21 at the FM clinic; WorldVista, 22 an open source EHR based on the Veteran's Administration VistA system at the CP clinic; and a self-developed EHR at the HIV clinic.
Overall Design
We developed a system to automate the follow-up and feedback process by extracting data from the EHR to identify patients to call, automating the telephone call, and providing feedback on patient outcomes for physician review. The focus of the call was on patient self-report of improvement (or worsening), but also included questions about medication use, as well as subsequent contact patients had with the healthcare system to address problems that failed to resolve. The questions were pilot tested by telephoning a small sample of patients who were not part of the study. Patients who indicated they were not improving as expected were transferred at the end of the telephone call to the clinic where they had received care, where usual care processes and protocols for triaging incoming patient telephone calls were used. The results from the automated call were compared to live calls made by research staff.
Patients were provided with information about the study after their clinic visit and all patients with acute illnesses who volunteered to be called were included in the study. These patients provided a telephone number and preferred time for the call, plus a four-digit authentication number. Verbal consent was obtained at the beginning of the call. The protocol was approved by the University of Alabama at Birmingham (UAB) Institutional Review Board.
Data Collection Phases
Phase 1 (4 months)-Baseline-Data were collected by a telephone call from study personnel three weeks after the index visit. It was felt that by three weeks most of the acute illnesses should have been resolved. No feedback was provided to physicians. Up to five attempts were made to reach each patient.
Phase 2 (4 months)-Partial automation-Study personnel called patients one week after the index visit. Feedback was provided automatically to the physician who had seen the patient for the acute care visit. Up to five attempts were made to reach each patient. This phase tested the processes of providing feedback and provided data on outcomes with early follow-up by a human interviewer.
Phase 3 (2 months)-Full automation-Data were collected using an IVRS and feedback was provided automatically to the physician. Initially five attempts were made to reach each patient, and this was subsequently increased to ten attempts.
Because of the patients' cognitive and physical limitations, the cerebral palsy clinic only participated in the first two phases. At the end of the third phase, physicians were asked about their use and reaction to receipt of feedback.
These phases corresponded to milestones in the development of the fully automated system, and logistical reasons led to some differences in the amount of time of each phase. Phase 1 provided data on usual care without intervention to compare to the main focus, which was the one-week intervention. Phase 2 tested the automated provision of feedback and also provided data on a live human intervention. Phase 3 represented the full automation-both data collection and feedback were automated.
Automated System
Details of the development of the automated system have been previously described. 19 Briefly, the FM clinic used the analytic tools within their commercial EHR to extract relevant patient information needed for data collection, transmitted these data to the staff who called the patient manually or to the IVRS, and used secure messaging within the EHR to provide feedback from the calls to the physician. At the HIV and CP clinics, a new system was developed, known as Clinical Documentation and Notification Application (CDNA) © , which automatically extracted patient data from the EHR (name, gender, race, diagnosis, medications), allowed data entry of the patientprovided information (telephone number, authentication code, preferred time for call), and provided this information to the human or IVRS for subsequent patient calls. Data from the calls were stored in the CDNA, which then delivered automated feedback to the patient's physician. Figure 1 shows a sample of the feedback the physician received.
Measures
Structured data were collected on patient report of (1) improvement (5-point Likert-type question from "much better" to "much worse," with a midpoint of "no change"); (2) use of medications prescribed for the acute problem (filled prescription, took as directed, or encountered problems); (3) new problems; and (4) any subsequent actions taken [none, called or returned to clinic, saw another provider (emergency room, hospital, ambulatory)]. Patients could expand answers in both the human and IVRS calls.
We also assessed provider acceptance. All physicians at the FM and HIV clinics who took part in phases 2 and 3 (36 residents at the FM clinic and seven attending physicians at the HIV clinic) provided data on their use of the system, perceived usefulness of the feedback, and whether they wanted to receive reports in the future. The provider questionnaire included structured answers and free text fields. Questionnaires were administered anonymously via a paper form and, for residents who had finished their residency, as a web-based survey.
Data Analysis
Proportions were computed for categorical and binary response items. Exact tests such as the Fisher Exact test were used for tests when data were sparse. Chi-square tests were used to test differences between proportions. A twosided p value of 0.05 was considered a significant statistical result. All data analyses were conducted using SPSS software. 23 Table 1 shows the proportion of consented patients in each phase whose reasons for visit fell into each ICD-9-CM diagnostic category in each time period. Because the CP clinic had very few patients and did not participate in all phases, we have excluded their diagnoses. There were no significant differences in the ICD-9-CM diagnostic categories across the phases. Table 2 shows patient involvement during each study phase. The percentage of patients reached in the baseline phase (3-week human calls) was significantly higher than in either of the other two phases (p=0.001 for baseline compared to Phase 2 and p=0.02 for baseline compared to Phase 3). There were no significant differences in the percentages of patients reached between the second and third phases (p=0.07).
RESULTS
More than 97 % of Phase 1 and Phase 2 patients who were reached consented to the interview, but in Phase 3, the percentage was significantly lower (55 %, p<0.001). In all phases, the vast majority (87-100 %) of those who consented completed all of the questions. However, the percentage of those consented who completed the interview was significantly lower in the IVRS phase compared to each of the other two phases (p<0.001). There were no significant differences in IVRS completers versus noncompleters on mean age, race, gender, ethnicity or diagnosis (ICD-9) codes, and there were no significant differences between clinic sites in the proportion of completers/noncompleters.
Acute Problem Resolution
In the baseline cohort, 12 % (13/111 respondents) of patients who consented to the interview reported either no improvement (n=6) or worsening (n=7). In the cohort called at one week by research staff, 15 % (29/196) reported showing no improvement (n=24) or worsening (n=5). In the group receiving the one-week IVRS call, 36 % (14/39) of those consented reported they were not improved (none reported being worse). The percentage of patients called by the IVRS who were unimproved was significantly (p=0.001) greater than percentages in the baseline or one-week calls by research staff.
Overall, most patients (96 % in Phase 1, 95 % in Phase 2, 87 % in Phase 3) reported filling their prescription and taking it as prescribed. There were no significant differences among the phases (p>0.05). Four percent (10/241) of patients who filled their prescriptions reported any type of problem. These data are similar to the data from these same patients with regard to medicine taken on a regular basis, in that most patients reported good adherence. 24 Patient Interaction with the Healthcare System Table 3 shows the relationship between making contact with the healthcare system and patient-reported improvement.
Overall, only 38 % (21/55) of unimproved patients contacted any healthcare provider during the follow-up period. The percentage was significantly higher in Phase 1 compared to Phases 2 (p=0.008) or 3 (p<0.001), with no significant difference between phases 2 and 3 (p= 0.14). When contact was made, the most frequent actions were to call and/or make an appointment with their own doctor, with 38 % (8/21), reporting seeing a different provider. Most of the patients who reported their symptoms had improved did not contact their physicians, with no significant differences among the three phases (p=0.42).
During Phase 3, patients who reported they were not improved received a second IVRS call two weeks after the first call (three weeks after the initial visit) to see if the follow-up and feedback affected problem resolution. Only five patients completed these calls and four of the five reported being better.
Physician Acceptance of the Feedback System
Fifty-six percent of FM residents and 100 % of HIV attending physicians responded (63 % overall response rate). Seventy-eight percent of those who responded reported that they had looked at the feedback reports and 76 % of those reported that the reports spurred them to do additional follow-up in the patients' charts. Sixty-three percent of respondents reported that they would like the feedback reports as a part of routine care.
DISCUSSION
This study examined the impact of a proactive follow-up and feedback system. The data from this study demonstrate that without such proactive follow-up efforts, a sizeable number of patients who are still having problems after an acute care visit do not contact their provider. This information, depending on the initial diagnostic and therapeutic formulation, could be important to prompt providers to reconsider their initial diagnosis or therapy choice, or start additional interventions to benefit a patient's condition.
The percentage of patients who reported improvement and had not contacted anyone was lowest during Phase 1, most likely because the three-week interval between visit and follow-up call meant that patients had a longer time to contact someone before they received the outreach call, as well as more opportunity for their problems to resolve by the time of the call. However, it is noteworthy that, even after three weeks, 23 % of those who reported being unimproved did not contact anyone. With the one-week follow-up period (Phases 2 and 3), higher percentages had not contacted anyone. Most patients, during these latter phases, although they did not report improvement, may not yet have gotten worse and may not have felt the urgency to take action.
These data show that a surprising number of patients whose symptoms have not improved do not contact a healthcare provider. While some patients may require more time for problem resolution, it is likely that many of the patients with unimproved symptoms who did not recontact their healthcare provider represent missed oppor- tunities to optimize care or learn from unexpected outcomes that might potentially be found with an effective, efficient and proactive follow-up/feedback system. One could envision a practice nurse either reaching out to such unimproved patients or even transferring calls in real time, to review ongoing patient symptoms and concerns and assess the need for additional follow-up care. The IVRS technology has the potential to make that follow-up process more efficient. The new models of healthcare delivery emphasize value, which includes efficiency and quality with a focus on patient outcomes. [1] [2] [3] [4] 25 Incorporating a follow-up and feedback system such as we have described could facilitate addressing a number of the goals of these new models. The technical solution we deployed allowed the feedback reports to be accessed without reprogramming the EHR systems' source codes. Thus, this process could be fairly easily replicated with multiple commercial EHRs, since it does not depend on a particular EHR technology.
Like others who have used IVRS, we encountered challenges in patient recruitment and call completion. Because we were performing the intervention as a research study, we only interviewed those patients who both agreed in advance to be contacted and who gave consent on the telephone, factors that markedly reduced our sample size, though likely increased response rates. In addition, Phase 3 was shorter than the other phases due to staffing issues at the clinics, which also lowered our sample size for that phase. Although our sample sizes were not large compared to the entire clinic population, we found that, for the first two phases, almost all of those who agreed to participate did complete the telephone call. Even in the IVRS phase, we reached 67 % of patients who had agreed to be called, 55 % of those reached consented to participate, and 87 % of those completed the call. This compares favorably to the findings from an IVRS study by Haas and colleagues assessing medication use in ambulatory care, where calls were initiated to all patients unless they opted out. 16 Haas et al. only reached 52 % of those who had not opted out, and only 61 % of those reached consented to participate, with 71 % of the consenting patients completing the calls. For conducting research using IVRS calls, there is obviously a tradeoff in getting a smaller number of patients who agree to be contacted up front versus calling all patients, but having a larger proportion fail to complete the call.
In the clinical rather than the research setting, the attrition of patients who are not interested in answering the calls may be less of an issue. For the human calls, over 97 % of the patients who were reached consented to participate and 12-15 % of those interviewed reported being the same or worse. For the IVRS calls, only 55 % of those reached consented to the interview and 36 % of those interviewed reported being the same or worse, suggesting the outreach mode likely influences both response rates and the mix of patients who do participate. Although these differences may appear large, it may be reasonable to assume that those patients who do not complete the IVRS call may not have had much to report and were less constrained about hanging up on a "computer" than were those who spoke with the live interviewer. If we use as the denominator for each group the number of patients reached, rather than the number consented, the percentage who report being the same or worse for the IVRS calls is 17 %, which is not significantly higher (p=0.54) than the percentages in the other two phases. These data suggest that patients who fail to improve may be the ones more likely to be responsive to the automated follow-up phone calls. Thus, IVRS calls, even with a smaller response rate, may be a worthwhile intervention to detect problems, since it will likely pick up the patients who are most concerned about their condition or who were more ill. Future research might be able to test that hypothesis.
Limitations
In addition to the sample size issues discussed above, we relied on patient-reported outcomes of improvement. While this was a key focus for this study, we do not have data from a health professional or the EHR on patients' actual health outcomes.
A related issue is the patients who did not complete the call. While one could postulate that most of them were improved and hence did not want to stay on the automated call, we do not know this with certainty.
While the IVRS used in this study did allow patients the opportunity to describe their health status or problems, it did not furnish extensive interaction. Depending on the nature of the feedback desired, this approach may not generalize to settings or conditions where a different type of interaction is needed.
The choice for a single follow-up interval rather than a variable interval based on the patients' diagnoses, while more feasible to implement, limits a precise determination as to whether the lack of improvement in this interval invariably represented an unexpected or significant clinical problem.
Because we were researching methods to develop and integrate a new system into actual clinical practice, there were no policies or precedents related to how physicians should best use the feedback reports. Only some of the physicians regularly reviewed or used the reports, making feedback on the usefulness of the report somewhat limited. In addition, we did not assess whether the physicians were aware of the patient status outside of our feedback.
Finally, like many research studies, we relied on volunteers who were willing to participate, and we do not have data on how responsive patients would be if the system were implemented as part of routine clinic policy.
CONCLUSIONS
Timely follow-up can improve the quality of care by detecting problems at an early stage and can potentially avert more serious healthcare outcomes. We found that without timely follow-up, a sizable number of ambulatory care patients reported that their acute problems were not improved, even three weeks after their acute care visit. However, many of these patients failed to contact their healthcare providers when they did not improve as expected. The present study showed that IVRS can feasibly be used with EHRs to automate outreach and follow-up for feedback on patient outcomes in ambulatory settings. Further studies on the effectiveness of this technology and a better assessment of the impact of early problem detection are needed to determine the optimal role of outreach strategies in routine healthcare settings. Comparison of the relative merits of IVRS, including comparative effectiveness, cost, and patient acceptability of various alternative outreach methods, such as nurse outreach or other technologies (email, text messaging), represents an important and fruitful area for future research.
